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 This paper aims to evaluate the photovoltaic (PV) nanogrid implementation 

and its risk for a project at a remote location. Unlike the normal approach, 

this approach is based on a discontinuity project. The main advantage of the 

model is the simplicity to compute the expected lifetime and display the 

reliability curve. The reliability is calculated using state space equation and a 

quantitative approach evaluates the risk of PV nanogrid scenarios based on 

costs. The MATLAB/Simulink simulates the scenarios including the basic 

scenario of a PV system that is a PV nanogrid consisting of a PV array and 

inverter, scenario 1 that is a PV nanogrid with a battery system, scenario 2 is 

an extension of scenario 1 with a battery repair, and scenario 3 is a PV 

nanogrid connected to the grid. The result indicates that adding a battery 

system increases the reliability and the expected lifetime of the system, and 

the battery system’s maintenance makes it higher. Scenario 3 shows high 

reliability and a longer expected lifetime. The risk matrix shows the position 

of reliability and its impact on each scenario. This work can be used in 

practice as an objective assessment to electrify frontier, remote, and 

disadvantaged (3T) areas beside levelized cost of energy (LCOE). 
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1. INTRODUCTION  

Indonesia has reached 99.09% electrification [1]. The photovoltaic (PV) system benefits to supply 

the remaining location in frontier, remote, and disadvantaged (3T) areas. Indonesia has a target capacity of a 

PV system of 6.5 GW to be installed in 2025 [2]. A microgrid is a solution to electrify the areas. A microgrid 

exists in a variety of sizes and configurations, and can be connected to a grid or islanded mode [3]. 

International Renewable Energy Agency (IRENA) proposes grid categorization for picogrid, nanogrid, and 

microgrid [4]. Picogrid has a size of 0-1 kW with a single controller. Nanogrid has the size of 0-5 kW both 

grid-tied and remote systems, typically serving a single building or load with a single voltage. A microgrid 

has a power of 5-100 kW, where local energy supply and demand are manageable. Moreover, nanogrid are 

the solution to deliver of basic electricity services to people living in poverty [5].  

The aplication of PV system includes solar home system [6] or hybrid system [7]. Levelized cost of 

energy (LCOE) is a standard tools used in evaluating a PV system [8]–[12]. However, when comparing the 

cost of different system, it had same year of lifetime [12] then it was assumed that it had continuous 

maintenance. Theristis and Papazoglou in [13] had modeled the reliability of a PV system during a sequence 

of failures accurately using the Markov process. Gbadamosi and Nwulu in [14] had developed an optimal 

power operation and reliability evaluation of a hybrid system for farming applications. When the penetration 
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of microgrids increases, the need for operation and maintenance (O&M) services would create a new utility 

business model and yield higher grid reliability and resiliency. Utilities can offer O&M services to microgrid 

owners to guarantee reliable performance in the absence of an owner expert team. The maturity of business 

model operation and maintenance is low [3]. 

In addition, the PV system has a few problems in the implementation. Inverter in a PV system 

contributes to unscheduled maintenance [15]. Small domestic applications of a PV system are likely to suffer 

from low quality assurance, while in the UK it is around 96.6% [16]. Based on the data set of solar picogrid 

in rural northern India, the reliability of a household is around 2 outages per week over the one-year 

measurement period. The power outages are found due to a lack of produced energy caused by weather, 

technical breakups of system components, and unexpected user behaviour [17].  

Futhermore, Nieuwenhout et al. in [18] had evaluated the finance types for solar home systems in 

the developing world. Donations have a problem with maintenance costs. Credit schemes are complicated 

when providing loans to rural communities. Cash sales are only accessible to the high-income community. 

Fee for service has an incentive to maintain the systems which benefit all parties [9].  

Up to now, there are limited studies that compare the implementation of PV system and its risk. A 

risk-based approach has been considered to measure and identify the microgrid's resilience [3]. Risk 

assessment is comparing risk to the criteria that have been set. A semi-quantitative risk assessment needs 

complex data for electrical asset management. The application in electricity is the risk matrix from Canada 

and Netherlands [19], [20]. A quantitative approach of risk exists in API Recommended Practice (RP) 581 

for fixed-pressure equipment from American Petroleum Institute (API) [21]. This paper proposes a simple 

model to compute the expected lifetime and display the reliability curve. This paper also proposes a risk 

matrix with a quantitative approach to compare the implementation of PV nanogrid based on reliability and 

its risk.  

 

 

2. METHOD  

Reliability is the probability that a component or system will perform the necessary functions under 

certain conditions for a specified period t [22]. Reliability of the system (RS) is a sum of working states 

probability (Pj) [23]. The probability of failure (POF) is a complement of reliability.  
 

Reliability = 𝑅𝑆 = ∑ 𝑃𝑗𝑗,𝑤𝑜𝑟𝑘𝑖𝑛𝑔  (1) 
 

POF = 1- Reliability (2) 
 

The expected lifetime of the system in [23] can be defined as in (3):  
 

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 = ∫ 𝑅𝑆
∞

0
𝑑𝑡 (3) 

 

State space equation solve the scenarios reliability, as in (4): 
 

𝑥̇ = 𝐴𝑥 + 𝐵𝑢 

 (4) 

𝑦 = 𝐶𝑥 + 𝐷𝑢 
 

where x is the state vector of probability Pj, u is the input vector, y is the output vector Pj, ẋ is the derivative 

of the state vector, A is the state matrix of the system, C is the identity matrix, and B and D is a zero matrix. 

Risk can be interpreted as an uncertain situation and harms a goal to be achieved.  

Risk is defined as the product of probability and the consequences. The risk matrix shows the 

relationship between the probability of failure and the consequences of failure. Risk can be calculated using 

cost to measure the consequence of failure (COF). The consequences of failure are categorized as impact 

units consist of (a) small 0.1-1; (b) moderate 1-10; (c) significant 10-1000; (d) serious 100-1000; and (e) 

extreme > 1000 [23]. The COF category is calculated using a base cost of 1000 USD. The risk matrix in this 

paper is based on standard API RP 581. The risk is divided into low, medium, medium-high, and high [21]. 

The risk matrix is based on the risk category in Table 1.  

 

COF = 𝐶𝑒𝑞 + 𝐶𝑟 + 𝐶𝑚 + 𝐶𝑒𝑛𝑣 + 𝐶𝑏𝑖 (5) 

 

The financial consequences of COF are costs associated with failure to replace equipment, including 

equipment costs (Ceq), replacement costs (Cr), maintenance costs (Cm), business interruption costs (Cbi), and 

environmental costs (Cenv). Equipment cost (Ceq) is the initial investment cost of equipment. Replacement 
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cost (Cr) is the cost of replacing damaged equipment. Maintenance costs (Cm) are maintenance costs for 

equipment that fails. Maintenance costs amount to 2% of the investment value [12]. Environmental costs 

(Cenv) are environmental impact costs. This cost equals 20% of operating costs [24]. The cost of business 

interruption (Cbi) is the financial loss when the system's operation is disrupted.  
 

𝐶𝑏𝑖 = 𝑇 × 𝑄 × 𝐶𝑣 (6) 
 

where T is the duration of time inoperative due to shut down, Q is the quantity normally produced, and Cv is 

the value of each production unit.  
 
 

Table 1. Risk category  
POF category  Range  COF category  Range (USD) 

1 0 ≤ POF < 0.1 A COF ≤ 1000 

2 0.1 ≤ POF < 0.2 B 1000 < COF ≤ 10.000 
3 0.2 ≤ POF < 0.3 C 10.000 < COF ≤ 100.000 

4 0.3 ≤ POF < 0.5 D 100.000 < COF ≤ 1.000.000 

5 0.5 < POF ≤ 1.0 E COF > 1.000.000 

 
 

A PV nanogrid can be assembled by the PV array, battery system, solar charger controller, and 

inverter. A PV array consists of PV modules with two parallel units and two units in series forms to generate 

DC voltage from solar energy. An inverter is a power conditioning unit (PCU) to transform the DC output of 

the PV array into AC voltage. A battery system is energy storage to store or supply electricity, and it consists 

of two parallel units and two units in series forms. A solar charge controller is a component to control 

charging or discharging of the battery system. The parameters of components in Table 2 are from 

marketplace and existing literature [19], [25]–[33].  

 

 

Table 2. Parameter of components  

Component  

Type  Capacity  Voltage 

(V) 

Price (IDR)  Failure rate, λ  

(Failure per 

hour) 

Repair rate, μ  

(Repair per 

hour)  

Reference  

PV module (PV)  SOL-
P24250W 

250 Wp 35.8  2,250,000 3.22320 x 10-6 0.06670 [25], [26], 
[29]  

Battery (BAT)  SOL12-100 100 Ah  12  2,600,000 1.47734 x 10-6 0.04153  [31], [33] 

Inverter (INV)  IP1500-22 1200 W 230  4,160,000 7.08668 x 10-6 0.05731 [28], [33] 
Solar charge 

controller (SCC) 

Tracer4210N 1040 W 24  2,200,000 4.45673 x 10-6 0.13405  [30], [33] 

Transformer 
(TRF)  

Oil immersed  400 
kVA  

400  105,000,000 7.0776 x 10-7 0.00281  [32], [33] 

 

 

A single point of failure (SPOF) is one component or function that causes the entire system to fail. 

The definition of failure for the system depends on how the service level agreement (SLA) had been defined. 

This paper evaluates how the electricity project was deployed and compare it to a basic scenario. The 

implementation scenario can be seen in Figures 1(a)-(c). The basic scenario was a PV nanogrid deployed 

without maintenance and it only had a PV array and inverter to supply load in the afternoon. It was designed 

usually for water pump application in the farming. The state matrix of basic scenario is  

 

𝐴 = [
−(𝑛𝑖𝑛𝑣𝜆𝐼𝑁𝑉 + 𝑛𝑝𝑣𝜆𝑃𝑉) 0

(𝑛𝑖𝑛𝑣𝜆𝐼𝑁𝑉 + 𝑛𝑝𝑣𝜆𝑃𝑉) 0
] 

 

Scenario 1 was a PV nanogrid with a battery system but without maintenance. In addition to the 

basic scenario, it had a battery system and a solar charge controller. This scenario was designed typically to 

supply electricity in a rural area or on an isolated island. The state matrix of Scenario 1 is  
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Scenario 2 was a PV nanogrid with a battery system and proper battery maintenance. Scenario 2 had 

battery repair to scenario 1. This scenario was designed usually to maintain the system with the community's 

support. It had been quantified by adding a repair rate to the system to measure the maintenance factors. The 

state matrix of Scenario 2 is   

 

( )

( )

( )

( ) ( ) ( )

0 0

0 0

0 0

0

INV INV SCC SCC PV PV BAT BAT BAT BAT

PV PV INV INV SCC SCC BAT BAT

BAT BAT INV INV SCC SCC PV PV BAT BAT

INV INV SCC SCC INV INV SCC SCC BAT BAT INV INV SCC SCC PV PV

n n n n n

n n n n
A

n n n n n

n n n n n n n n

    

   

    

       

− + + +


− + +=
 − + + +


+ + + + +








 

 

Scenario 3 was a PV nanogrid connected to a utility grid through a transformer. Typically, this was 

the case where the resident builds a solar PV rooftop and was connected to a utility grid. Although, in this 

paper, the reliability had been seen from the residential load. The state matrix of Scenario 3 is   

 

𝐴 =

[
 
 
 
−(𝑛𝐼𝑁𝑉𝜆𝐼𝑁𝑉 + 𝑛𝑃𝑉𝜆𝑃𝑉 + 𝑛𝑇𝑅𝐹𝜆𝑇𝑅𝐹) 0 𝑛𝑇𝑅𝐹𝜇𝑇𝑅𝐹 0

(𝑛𝐼𝑁𝑉𝜆𝐼𝑁𝑉 + 𝑛𝑃𝑉𝜆𝑃𝑉) −(𝑛𝑇𝑅𝐹𝜆𝑇𝑅𝐹) 0 0

𝑛𝑇𝑅𝐹𝜆𝑇𝑅𝐹 0 −(𝑛𝐼𝑁𝑉𝜆𝐼𝑁𝑉 + 𝑛𝑃𝑉𝜆𝑃𝑉 + 𝑛𝑇𝑅𝐹𝜇𝑇𝑅𝐹) 0

0 𝑛𝑇𝑅𝐹𝜆𝑇𝑅𝐹 (𝑛𝐼𝑁𝑉𝜆𝐼𝑁𝑉 + 𝑛𝑃𝑉𝜆𝑃𝑉) 0]
 
 
 

 

 

MATLAB/Simulink had been simulated all scenarios using (4) to display the reliability curve and 

expected lifetime. The risk had been calculated using a spreadsheet, where the impact had a log scale and the 

reliability had a proportional linear scale. The electricity price was 1444.7 IDR per kWh. The conversion was 

1 USD equal to 14374 IDR. The risk per 1 year had been visualized using a risk matrix.  

 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure 1. Implementation of PV nanogrid (a) basic scenario, (b) scenario 1 and 2, and (c) scenario 3  

 

 

3. RESULTS AND DISCUSSION  

3.1.  Reliability evaluation  

This simple model gain result fast and real time. A PV nanogrid in the basic scenario has an 

expected lifetime equal to 50,052 hours. Scenario 1 with a battery system increases the expected lifetime by 

30.40%. Scenario 2, where the battery is repaired, increases the expected lifetime by 42.13%. Scenario 3, 

which is connected to a grid, increases the expected lifetime of the system by 2,822.16%. Details model dan 

result is shown in Figure 2.  

Reliability curve is shown in Figure 3 to get more visualization of the system’s reliability for a 

specified hours operation. The reliability of the system is compared in the third year due to the expected 

lifetime around 5.7 years. The reliability of the PV nanogrid is equal to 0.5915 in the third year. The battery 
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system in scenario 1, the reliability increases by 0.7078, while in scenario 2, battery repair increases the 

system's reliability by 0.7217. The reliability of scenario 3 is increased by 0.9958, and it is the highest.  
 

 

 
 

Figure 2. Comparison of PV nanogrid implementation using MATLAB/Simulink  
 

 

 
 

Figure 3. Reliability curve of PV nanogrid  

 

 

3.2. Risk evaluation  

The risk matrix shows evaluation results based on the probability of failure and cost-based 

consequences per year for a duration of five years. Decreasing system’s reliability is indicated by an 

increased POF value. There are no additional costs in this duration due to discontinuity of the project.  

PV nanogrid in a basic scenario has its risk moves quickly from low risk (2B) to medium-high risk 

(5B). In scenario 1, the risk per year moves from low risk (2B) to medium risk (4B). In scenario 1, adding a 

battery system lowers the probability of failure but increases the cost. Scenario 2 decrease the probability of 

failure but increase cost consequence as well. The risk of scenario 2 is lower than scenario 1 in the first year. 

Risk of scenario 2 moving from low risk (1B) to medium risk (4B). Scenario 3 has a low risk (1C) during 

these five years of calculation with the highest cost consequence. The risks of each system per one year can 

be seen in Figure 4.  
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The results are in line with previous study in [8] that have examined LCOE. Interestingly, the 

correlation between risk and LCOE is not as expected for scenario 2. The result is that adding battery system 

decrease the risk. In contrary, it increases LCOE.  

 

 

 
 

Figure 4. Risk matrix of PV nanogrid implementation 

 

 

4. CONCLUSION  

The aim of this study was to objectively measure and assess the PV nanogrid implementation and its 

risk for a project at a remote location based on a discontinuity project. This study has shown a simple model to 

compute the expected lifetime and display the reliability curve. The simulation has concluded that a battery 

system increases the system’s reliability. The system’s reliability is higher when battery maintenance is applied. 

The system's reliability is highest when PV nanogrid is connected to the utility grid. The risk matrix visualizes 

the quantitative evaluations based on the probability of failure and cost consequence of failure per year. Further 

research might explore the system risk movements that could be a reference in the maintenance planning.  

 

 

REFERENCES  
[1] Ministry of Energy and Mineral Resources Republic of Indonesia, ''RENSTRA summary 2020-2024, '' (in Indonesia: Ringkasan 

RENSTRA 2020-2024),'' 2020.  
[2] Peraturan Presiden RI, ''Presidential Decree No. 22 of 2017 concerning the General national energy plan,'' (in Indonesia: Perpres 

No. 22 Tahun 2017 tentang Rencana umum energi nasional,'' 2017, p. 6.  
[3] IEEE Smart grid technical activities, “Microgrids : utility challenges and opportunities,” 2022.  
[4] R. Kempener, O. Lavagne, D. Saygin, J. Skeer, S. Vinci, and D. Gielen, “Off-grid renewable energy systems: Status and 

methodological issues,” The International Renewable Energy Agency (IRENA), 2015.  

[5] A. Desai, I. Mukhopadhyay, and A. Ray, “Nanogrids in India: A conceptual solution for off grid/rural electrification,” in 
Conference Record of the IEEE Photovoltaic Specialists Conference, Jun. 2021, pp. 7–10, doi: 10.1109/PVSC43889.2021.9518466. 

[6] P. Megantoro, H. F. A. Kusuma, S. A. Reina, A. Abror, L. J. Awalin, and Y. Afif, “Reliability and performance analysis of a mini 

solar home system installed in Indonesian household,” Bulletin of Electrical Engineering and Informatics, vol. 11, no. 1, pp. 20–

28, Feb. 2022, doi: 10.11591/eei.v11i1.3335. 

[7] B. Kekezoglu, O. Arikan, A. Erduman, E. Isen, A. Durusu, and A. Bozkurt, "Reliability analysis of hybrid energy systems: case 

study of Davutpasa Campus," Eurocon 2013, 2013, pp. 1141-1144, doi: 10.1109/EUROCON.2013.6625124. 
[8] C. Kost, S. Shammugam, V. Fluri, D. Peper, A. D. Memar, and T. Schlegel, “Levelized cost of electricity renewable energy 

technologies,” Fraunhofer Institute for Solar Energy Systems ISE, vol. 144, pp. 1–45, 2013.  

[9] O. M. Roche and R. E. Blanchard, “Design of a solar energy centre for providing lighting and income-generating activities for 
off-grid rural communities in Kenya,” Renewable Energy, vol. 118, pp. 685–694, 2018, doi: 10.1016/j.renene.2017.11.053. 

[10] K. K. Jagtap, G. Patil, P. K. Katti, and S. B. Kulkarni, “Techno-economic modeling of wind-solar PV and wind-solar PV-biomass 

hybrid energy system,” in 2016 IEEE International Conference on Power Electronics, Drives and Energy Systems (PEDES), 
2016, pp. 1–6, doi: 10.1109/PEDES.2016.7914546. 

[11] S. Kiros et al., “Development of stand-alone green hybrid system for rural areas,” Sustainability, vol. 12, no. 9, pp. 1–14, 2020, 

doi: 10.3390/su12093808. 
[12] W. Short, D. Packey, and T. Holt, “A manual for the economic evaluation of energy efficiency and renewable energy technologies,” 

No. NREL/TP-462-5173. National Renewable Energy Lab.(NREL), Golden, CO (United States), 1995. doi: 10.2172/35391. 
[13] M. Theristis and I. A. Papazoglou, “Markovian reliability analysis of standalone photovoltaic systems incorporating repairs,” 

IEEE J. Photovoltaics, vol. 4, no. 1, pp. 414–422, Jan. 2014, doi: 10.1109/JPHOTOV.2013.2284852. 

[14] S. L. Gbadamosi and N. I. Nwulu, “Optimal power dispatch and reliability analysis of hybrid CHP-PV-wind systems in farming 
applications,” Sustainability, vol. 12, no. 19, p. 8199, 2020, doi: 10.3390/su12198199. 

[15] S. Kurtz, J. Granata, and M. Quintana, “Photovoltaic-reliability R&D toward a solar-powered world preprint,” in Conference 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Comparison of photovoltaic nanogrid implementation: a simple reliability model for frontier … (Ryandi) 

2405 

Paper NREL/CP-520-44886, vol. 7412, pp. 258-269, Aug. 2009, doi: 10.1117/12.825649. 
[16] M. Perdue and R. Gottschalg, “Energy yields of small grid connected photovoltaic system: Effects of component reliability and 

maintenance,” IET Renewable Power Generation, vol. 9, no. 5, pp. 432–437, 2015, doi: 10.1049/iet-rpg.2014.0389. 

[17] S. Numminen, P. D. Lund, S. Yoon, and J. Urpelainen, “Power availability and reliability of solar pico-grids in rural areas: A case study 
from Northern India,” Sustainable Energy Technologies and Assessments, vol. 29, pp. 147–154, 2018, doi: 10.1016/j.seta.2018.08.005. 

[18] F. D. J. Nieuwenhout et al., “Experience with solar home systems in developing countries: A review,” Progress in Photovoltaics: 

Research and Applications, vol. 9, no. 6, pp. 455–474, 2001, doi: 10.1002/pip.392. 
[19] International Electrotechnical Commission, “Strategic asset management of power networks,” IEC White Paper, 2015. 

[20] S. N. Singh and J. H. C. Pretorius, "Development of a Sem-quantitative approach for risk based inspection and maintenance of thermal 

power plant components," in SAIEE Africa Research Journal, vol. 108, no. 3, pp. 128-138, Sep. 2017, doi: 10.23919/SAIEE.2017.8531524. 
[21] American Petroleum Institute, API recommended practice 581-risk-based inspection methodology, 3rd ed., Apr. 2016.  

[22] "IEEE Recommended practice for determining the reliability of 7x24 continuous power systems in industrial and commercial 

facilities," in IEEE Std 3006.7-2013, pp. 1-72, Apr. 2013, doi: 10.1109/IEEESTD.2013.6493367. 
[23] R. Ross, Reliability analysis for asset management of electric power grids. John Wiley & Sons, 2019. 

[24] D. W. Ditz, J. Ranganathan, and R. D. Banks, Green ledgers : case studies in corporate environmental accounting. World 

Resources Institute, 1995. 
[25] A. Sayed, M. El-Shimy, M. El-Metwally, and M. Elshahed, “Reliability, availability and maintainability analysis for grid-

connected solar photovoltaic systems,” Energies, vol. 12, no. 7, p. 1213, 2019, doi: 10.3390/en12071213. 

[26] B. Cai, Y. Liu, Y. Ma, L. Huang, and Z. Liu, “A framework for the reliability evaluation of grid-connected photovoltaic systems 
in the presence of intermittent faults,” Energy, vol. 93, pp. 1308–1320, 2015, doi: 10.1016/j.energy.2015.10.068. 

[27] J. Moreau, M. Megdiche, and D. Radu, “Optimized MV generator power plant architectures for large data centers,” 262 Rev 0, 

2018.  
[28] Beijing Epsolar Technology Co.Ltd., “Datasheet pure sine wave inverter ipower series.” [Online]. Available: 

https://www.epever.com/product/ipower-220-230vac-pure-sine-wave-inverter/ (accessed Jan. 20, 2022). 

[29] Solana, “Datasheet polycrystalline solar module SOL-P24 250 W.” [Online]. Available: https://solana.co.id/polycrystalline/ 
(accessed Jan. 20, 2022). 

[30] Beijing epsolar technology Co.Ltd., “Datasheet MPPT charge controller epever tracer-AN (10A-40A) series.” [Online]. 

Available: https://www.epever.com/product/tracer-an-10-40a-mppt-charge-controller/ (accessed Jan. 20, 2022). 
[31] Solana, “Datasheet VRLA deep cycle battery SOL12-100.” [Online]. Available: https://solana.co.id/vrla-deep-cycle-battery/ 

(accessed Jan. 20, 2022). 

[32] PT. Wisma Niagatama Perkasa, “Technical specifications trafo 400 kVA UNINDO.” [Online]. Available: 
http://wnpsby.weebly.com/data-teknik-unindo.html (accessed Jan. 20, 2022). 

[33] “IEEE recommended practice for analyzing reliability data for equipment used in industrial and commercial power systems,” 

IEEE Std 3006.8TM -2018, pp. 1–71, 2018, doi: 10.1109/IEEESTD.2018.8490827. 

 

 

BIOGRAPHIES OF AUTHORS  

 

 

Ryandi     is a graduate of Master of Science in Electrical Engineering, Institut 

Teknologi Bandung. He received his BSc degree in electrical power engineering from the 

School of Electrical Engineering and Informatics, Institut Teknologi Bandung, Indonesia. His 

research interests include electrical power engineering, testing, renewable energy, microgrid, 

and nanogrid. He can be contacted at email: ryandi0308@gmail.com. 

  

 

Kevin Marojahan Banjar-Nahor     obtained his Ph.D from Grenoble Alpes 

University, France, and both M.Sc and B.Sc from Institut Teknologi Bandung, Indonesia, all 

in electrical power engineering. His Ph.D work was carried out at Grenoble Electrical 

Engineering Laboratory (G2elab), and deals with the stability of microgrids in the presence of 

massive penetration of variable renewables. His interests include power system analysis and 

dynamic stability of power systems. He can be contacted at email: kevin.marojahan@itb.ac.id. 

  

 

Nanang Hariyanto     received his Doctor in Electrical Engineering and Informatics 

from Institut Teknologi Bandung, Indonesia. His areas of expertise are transformers, electrical 

power engineering, power systems analysis, power systems simulation, distributed generation, 

power systems, modelling, power system stability, power engineering, power transmission, 

and power system protection. He can be contacted at email: nanang.hariyanto@stei.itb.ac.id. 

 

https://orcid.org/0000-0003-4726-0582
https://scholar.google.com/citations?user=dvd0ZjMAAAAJ&hl=en&authuser=1
https://publons.com/researcher/5257136/ryandi-ryandi/
https://orcid.org/0000-0002-0085-3797
https://scholar.google.com/citations?hl=en&user=QLcW4wsAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57202045338
https://publons.com/researcher/5324736/kevin-marojahan-banjar-nahor/
https://orcid.org/0000-0001-9069-0145
https://scholar.google.co.id/citations?user=KBzQg-kAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=8114377100
https://publons.com/researcher/5321267/nanang-hariyanto/

